ABSTRACT. Calibration is a fundamental stage of the radiocarbon ( 14 C) dating process if one is to derive meaningful calendar ages from samples' 14 C measurements. For the first time, the IntCal09 calibration curve (Reimer et al. 2009 ) provided an internationally ratified calibration data set across almost the complete range (0 to 50,000 cal BP) of the 14 C timescale. However, only the last 12,550 cal yr of this record are composed of terrestrial data, leaving approximately three quarters of the 14 C timescale necessarily calibrated via less secure, marine records (incorporating assumptions pertaining to the temporally variable "marine reservoir effect"). The predominantly annually laminated (varved) sediment profile of Lake Suigetsu, central Japan, offers an ideal opportunity to derive an extended terrestrial record of atmospheric 14 C across the entire range of the method, through pairing of 14 C measurements of terrestrial plant macrofossil samples (extracted from the sediment) with the independent chronology provided through counting of its annual laminations. This paper presents new data (182 14 C determinations) from the upper (largely non-varved) 15 m of the Lake Suigetsu (SG06) sediment strata. These measurements provide evidence of excellent coherence between the Suigetsu 14 C data and the IntCal09 calibration curve across the last ~12,000 cal yr (i.e. the portion of IntCal based entirely on terrestrial data). Such agreement demonstrates that terrestrial plant material picked from the Lake Suigetsu sediment provides a reliable archive of atmospheric 14 C, and therefore supports the site as being capable of providing a high-resolution extension to the "wholly terrestrial" (i.e. non-reservoir-corrected) calibration curve beyond its present 12,550 cal BP limit.
INTRODUCTION
Soon after the development of the radiocarbon dating technique in the mid-20th century (Libby et al. 1949; Libby 1955) , it became apparent that a calibration stage was required if "radiocarbon time" were to be translated into a more meaningful representation of the passing of "real," calendar time (de Vries 1958; Suess 1970) . Such calibration is necessary because of temporal variation in the ambient atmospheric concentration of 14 C ( 14 C), related to changes in the Earth's geomagnetic field intensity, changes in solar activity, and rearrangements of the distribution of carbon between the respective reservoirs of the global carbon cycle system. Calibration is achieved through comparison of measured 14 C determinations with those of samples of known calendar age. To derive such a data set, a range of natural paleoenvironmental archives, providing records of  14 C variation through time, has been exploited over recent decades. Such records must demonstrate a reliable, independent means of deriving calendar age, against which the 14 C determinations can be directly compared. Dendrochronologically dated tree-ring data have been central to such efforts; however, such data are limited, at present, to the last 12,550 cal yr (Reimer et al. 2009) , leaving approximately three quarters of the 14 C timescale to be calibrated via alternative marine records. Since these marine data (demonstrated most extensively by Hughen et al. 2004 and Fairbanks et al. 2005 ) require correction for the temporally and spatially variable "marine reservoir effect" (Reimer and Reimer 2001) , such approximations for  14 C incorporate additional uncertainties. Similarly, speleothem data (e.g. Hoffmann et al. 2010 ) require a reservoir correction (for the "dead carbon fraction" from geologically old carbonate), which, like the marine correction, incorporates additional uncertainties. For a detailed discussion of the many alternative records for extending the 14 C calibration curve further back in time, see, inter alia, Reimer et al. (2002) and van der Plicht et al. (2004) , which additionally define the acceptance criteria of specific data sets into the consensus calibration curve, IntCal.
A "wholly terrestrial" (sensu Staff et al. 2009 ; i.e. with no need for reservoir correction) sequence of 14 C data across the entire range of the radiocarbon dating method, beyond the existing limit of dendrocalibration, would remove these uncertainties associated with the marine records, and therefore remains a fundamental aim of the 14 C community. The varved sedimentary record of Lake Suigetsu, Honshu Island, central Japan (3535N, 13553E), provides "a natural timekeeper" and faithful recorder of environmental change (Fukusawa 1995) , including "a very exciting record of atmospheric 14 C changes" spanning the complete range of the 14 C dating method (Kitagawa and van der Plicht 2000) . In this way, Lake Suigetsu provides an ideal opportunity to extend the wholly terrestrial 14 C calibration curve back to the limit of 14 C detection.
A previous study van der Plicht 1998a,b, 2000) obtained ~300 14 C determinations from macrofossils (leaves, twigs, and insect fragments) extracted from a ~75-m sediment core (SG93) taken from Lake Suigetsu. However, problems with the varve-based calendar age scale of the SG93 record precluded the widespread adoption of the Suigetsu data set for calibration purposes (van der Plicht et al. 2004) . A statistical re-analysis (Staff et al. 2010 ) of this SG93 data set highlighted that gaps between successively drilled sections of the SG93 sediment core were primarily responsible for the errors in the SG93 varve year age scale, while uncertainties in the varve counting itself represented a more minor, secondary cause.
In contrast, retrieval of multiple, overlapping sediment cores from Lake Suigetsu enabled complete recovery of the sediment profile for the present "Suigetsu Varves 2006" project . Utilizing the composite 73.19-m sediment core (SG06) thus obtained, the Suigetsu Varves 2006 project seeks to exploit the excellent paleoenvironmental archive provided by the annually laminated sediment sequence more fully, including the generation of an improved 14 C calibration data set. This paper provides new 14 C determinations from the upper 15 m of the SG06 sediment core, representing approximately the last 12,000 cal yr. Since this time period is represented in the consensus calibration curve, IntCal09 (Reimer et al. 2009 ), by a reliable, direct archive of past changes in atmospheric 14 C (i.e. robustly cross-checked, dendrochronologically dated tree rings), this latter data set can be used to verify that terrestrial macrofossils present within the Lake Suigetsu sediment profile similarly represent a reliable record of past changes in  14 C.
METHODS

Sediment Coring
Overlapping sections of sediment were obtained from 4 parallel boreholes (A, B, C, and D) such that material from any given Lake Suigetsu sedimentary horizon was represented by at least one of these individual sediment cores. The 4 boreholes were situated within 40 m horizontal distance of each other, at the lake's depocenter of 34 m. Through visual comparison of major event horizons (including tephras, flood layers, turbidite layers, and laminae with distinct coloration) between core sections from the 4 separate boreholes, a fully continuous composite core (SG06) of 73.19 m length was produced, spanning at least the last 150 kyr . Continuity of the sedimentary facies can clearly be seen through visual comparison of the characteristic event layers from equivalent depths across the separate cores. A more thorough account of the sediment coring process, as well as a description of the SG06 core stratigraphy, is given in Nakagawa et al. (2011) .
Macrofossil Sampling
Macrofossil samples were hand-picked from the exposed surface of the sediment, after longitudinal division of the cores (Figure 1 ). The majority of samples were tree leaves, although small twigs, bark, seeds, and a few segments of insects were also present (Staff 2011). Sampling was thus undertaken throughout the time period of interest for 14 C calibration (i.e. back to about 60,000 cal BP, at approximately 42 m composite depth). Figure 1 Illustration of the visual identification of macrofossils within the SG06 sediment core from examination of the exposed sediment surface generated through longitudinal division of the cores. Three illustrative examples of plant macrofossil samples extracted from SG06 (a twig, evergreen broad leaf, and deciduous broad leaf) are also shown. "Event layers" (i.e. layers attributed to flood or turbidite events; Nakagawa et al. 2011) were avoided for sampling, despite the fact that they might have contained quite tempting macrofossil samples. Macrofossils washed into the lake at times of flooding bear an increased risk of having been held in situ elsewhere in the lake catchment prior to in-wash, and would therefore contain an inbuilt age as compared to the date of the event layer formation itself. Similarly, samples contained within turbidite layers (whether caused by earthquake activity or otherwise) are likely to have been reworked from material previously stored in the upper littoral zone of the lake sediments, and could again provide material with an inbuilt age (Hajdas et al. 1995) .
Macrofossil samples from the outer edge of the sediment core were not analyzed, since these samples might potentially have been moved up or down the sediment column during the coring process. Also, samples from the upper 5 cm of core sections were avoided because of the potential for these layers to have been compacted/disturbed during the core extraction process . Thus, only samples taken from a sound chronostratigraphic context were obtained for dating.
Intact pieces of single terrestrial macrofossils were chosen for analysis since such samples are far less likely to have moved up or down the sediment profile as compared to an unidentifiable mixture of organic remains, which, in general, would be far less reliable for dating. Such a mixture of sampling material might represent a range of differing 14 C ages, and therefore not be appropriate for combining into a single sample for dating (Hatté and Jull 2007) .
Since the strength of the Lake Suigetsu macrofossil record for 14 C calibration purposes lies in the fact that samples are of terrestrial species, samples identified as aquatic species (those growing within the lake itself) were necessarily avoided for dating. Such samples might be expected to demonstrate an offset from the contemporaneous atmospheric 14 C record as a result of lake reservoir effects (Walker 2005:29-30 ).
Broad leaves were preferentially sampled over seeds, needles, twigs, or bark on the assumption that since the leaf samples are generally much more fragile, they would be more likely to have been transported relatively quickly between their separation from the living organism and their deposition in the anoxic basal lake sediments if they were to remain intact enough to yield sufficient carbon (ideally >0.6 mg C) for 14 C dating. This rapid transfer of sample material is essential if inbuilt 14 C ages of samples (as compared to the timing of the sedimentation event itself) are to be avoided. Observation of the aerobic decomposition of leaves in the temperate terrestrial environment suggests that this time lag from host organism to deposition in the lake varves must be relatively short (i.e. well below the resolution of the calibration data set being produced from the project) if leaves are to survive intact enough to meet this minimum mass criterion. This approach of selecting "fragile macrofossils" is advocated by Hatté and Jull (2007) , who suggest that such samples would also be damaged/destroyed by sediment reworking.
Although very scarce in the lake record anyway, insects were preferentially avoided for dating since the synthesis of 14 C via the trophic pathway into these organisms is not as direct (from the atmosphere) as is the case with photosynthesizing terrestrial plants. Detrital feeders, for example, might feed on relatively old, decaying organic material, and assimilate this relatively older carbon (depleted in 14 C) into their tissue, again producing inbuilt 14 C ages.
Radiocarbon Dating
The terrestrial macrofossil samples were washed repeatedly with ultrapure (Milli-Q™, Millipore) water upon subsampling from the core, and subsequently stored in dilute hydrochloric acid (HCl; 0.2M) to minimize the potential for contamination from modern atmospheric carbon during transport and storage. Samples were subsequently selected for 14 C dating according to their stratigraphic position, sample type, and sample size (following the provisos outlined above).
The samples selected for dating were divided between the Oxford Radiocarbon Accelerator Unit (ORAU) and NERC Radiocarbon Facility-Environment (NRCF-E), East Kilbride, laboratories such that the total number of samples to be dated at each lab (~300) was evenly distributed across the time period represented by the 14 C dating method (about 0 to 60,000 cal BP; SG06 composite core depths 0 to ~42 m). As a method of quality assurance, ~10% interlaboratory duplication of (sufficiently large) samples was targeted as a means of demonstrating the comparability of data between the 2 labs. Again, these samples were divided as regularly as possible down the sediment profile.
Sample pretreatment for accelerator mass spectrometry (AMS) 14 C dating followed standard acidbase-acid (ABA; occasionally referred to elsewhere as "acid-alkali-acid" or AAA) methodologies, according to the regular laboratory protocols of both labs (Table 1) . Likewise, subsequent sample combustion, graphitization, and target pressing for AMS were performed according to the standard laboratory protocols of the respective facilities (Table 1 ).
Samples at ORAU were dated on the HVEE AMS system (described in Bronk , while samples at NRCF-E (hosted by the Scottish Universities Environmental Research Centre, SUERC) were dated on either the National Electrostatics Corporation (NEC) 5MV tandem AMS or the NEC 250kV single-stage AMS (SSAMS) systems (Xu et al. 2004; Freeman et al. 2010; .
A size-dependent background correction, equivalent to the addition of 1.6 ± 0.8 g of modern carbon per sample, was allowed for, in addition to the standard background corrections made at the individual laboratories. This value was estimated independently for both labs' data sets, based upon the size-dependence of measurements on samples from the lower (varved) portion of the SG06 core. The fact that the derived background correction is identical for both labs suggests that it is characteristic of the specific core and sampling methodologies applied. (Brock et al. 2010) Placed wet into Ag foil and freezedried; combustion in presence of CuO (Boutton et al. 1983 ) Graphitization H reduction of CO 2 to pure C (graphite) over an Fe catalyst (Vogel et al. 1984) for 6 hr at 560 °C (Dee and Bronk Ramsey 2000) Reduction to CO over Zn (at 425 °C), prior to further reduction over Fe (18 hr at 610°C) to elemental C (graphite; Slota et al. 1987 )
Statistical Methods
As introduced above, the purpose of this paper is to examine the reliability of the plant macrofossil samples extracted from the Lake Suigetsu sediment profile as reflecting the contemporaneous atmospheric radiocarbon concentration ( 14 C). A robust, wholly terrestrial comparison data set (the consensus calibration curve, IntCal09; Reimer et al. 2009 ) is, at present, only available for the last 12,550 cal yr. Therefore, the data presented here pertain only to this time period demonstrating direct comparison of atmospheric data.
To assess the concordance of the respective data sets, the SG06 14 C data were calibrated against the IntCal09 calibration curve (Reimer et al. 2009 ) using a P_Sequence deposition model in the Bayesian software, OxCal (v 4.1; Bronk Ramsey 2008 Ramsey , 2009a ; https://c14.arch.ox.ac.uk/oxcal/ OxCal.html). A P_Sequence model was applied, since it provides the most realistic depiction of lacustrine sedimentation, with the complexity (randomness) of the underlying sediment deposition modeled according to a Poisson process.
Countable varves are only present in SG06 from 1250.0 to 4601.4 cm composite depth (about 10,000 to 60,000 cal BP; Nakagawa et al. 2011) , so varve count data are not included in the model. Instead, "event-free depth" (cf. the "event-removed" sediment profile of Katsuta et al. 2007 ) is used within the deposition sequence. This event-free depth scale is based upon the composite depth model, but excludes instantaneous deposits in excess of 5 mm thickness (representing individual flood, earthquake, or tephra events, for example). Such a depth scale allows more robust age modeling than if such large, individual events were included, but is less robust than if the full interannual variability (of varve thickness information) were able to be included.
The rigidity of the P_Sequence, i.e. the k parameter in OxCal, was derived according to Eq. A.17 of Bronk Ramsey (2008) to equal 2 cm -1 , based upon an assumed fractional uncertainty at the midpoint of a known-duration core section of 3.5%. Comparison with varve count data from lower down the sediment profile suggests that such a value is representative of the down-core variations of deposition rate in SG06.
A uniform prior probability distribution of 750 to -50 cal BP was applied to the upper Boundary of the model (the "core top"), while an additional Boundary was inserted at 175.0 cm event-free depth (to account for the empirically observed change in deposition rate of the uppermost sediment section). No additional prior chronological information was applied to the lower Boundary of the model ("1500.0 cm composite depth"). Other than the model resolution being set to 1 yr, all modeling parameters were the same as the OxCal default settings.
An r-type outlier model was implemented (Bronk Ramsey 2009b; Bronk Ramsey et al. 2010) , with all 14 C determinations (R_F14C) and R_Combine given an equal (0.05) prior probability of being outliers (with the latter, R_Combine parameter combining the duplicated measurements from specific depth horizons). The r-type outlier model was chosen since this specification allows for short-term fluctuations in the 14 C concentrations between the respective 14 C reservoirs of the sample data (from Lake Suigetsu) and the calibration curve (IntCal09) data sets.
In total, 182 14 C determinations were included in the model (92 from ORAU and 90 from NRCF-E), representing 160 separate SG06 depth horizons. These 160 dated macrofossils consisted of 90 deciduous broad leaf samples, 59 evergreen broad leaves, 8 small twigs, and 3 bark samples. Additionally, the model included "date" query functions at the positions of the "SG06-1288" tephra horizon 
RESULTS
The 182 14 C determinations of terrestrial plant macrofossil samples picked from the upper 15 m (composite depth) of the SG06 sediment core are given in Appendix 2. All of these data were included in the OxCal P_Sequence model (described above). Figure 2 illustrates the fit of these data on to the IntCal09 calibration curve (Reimer et al. 2009 ), while Figure 3 demonstrates the relatively linear modeled deposition rate across this upper section of the Lake Suigetsu sediment profile. The results of the model fit show excellent agreement between the SG06 data and the IntCal09 calibration curve, with only 6 SG06 14 C determinations identified as demonstrating 95% posterior probability of being outliers (with a further 7 samples demonstrating 50% posterior probability of being outliers). The probability density functions (PDFs) of the additional modeled query functions (the SG06-1288 tephra and Holocene onset) are shown in Figures 4 and 5, respectively. Figure 2 , the degree of concordance between the respective atmospheric 14 C data sets of the IntCal09 calibration curve (Reimer et al. 2009 ) and the Lake Suigetsu terrestrial plant macrofossils is excellent. Such agreement would be demonstrated yet further if the contributing data to the consensus calibration curve were additionally plotted, since the "smoothed" calibration curve masks a certain proportion of higher frequency variation in  14 C. Since the majority of the Suigetsu data presented (149 of the total 160 dated macrofossil samples) were deciduous broad leaves (representing a single growth season) or evergreen broad leaves (representing 3 years' growth), these samples would also be expected to represent additional higher frequency  14 C variation than the time-integrated signal of the mostly decadal tree-ring blocks comprising the IntCal09 data set.
DISCUSSION
As illustrated in
It could be argued that the fitting of one 14 C data set on to that of the other might "force" agreement between the respective data sets. Firstly, the relative linearity of the modeled age-depth profile (Figure 3) provides additional support for the robustness of the derived calibrated timescale, since the sediment deposition rate is not allowed to vary to such an extent that the concordance of the data sets is forced (i.e. a relatively conservative value of k = 2 cm -1 is applied). Secondly, there is no a priori physical reason to suggest that the 2 data sets would not be in close agreement, since the IntCal curve and Lake Suigetsu data are both representative of direct 14 C data from the atmosphere of the mid-latitude Northern Hemisphere (which is presumed to be thoroughly mixed, at least at the temporal resolution examined herein; Stuiver 1982). As highlighted above, the low number of SG06 14 C determinations identified as being statistical outliers confirms the goodness of fit between these 2 terrestrial data sets.
The modeled age of the SG06-1288 tephra (commonly referred to elsewhere as the "U-Oki" tephra) is 10,231 to 10,202 cal BP (at the 68.2% probability range; 10,255 to 10,177 cal BP at the 95.4% probability range; Figure 4) . Recently, Smith et al. (2011) geochemically correlated this tephra to its proximal volcanic source material, the U4 unit of Ulleungdo stratovolcano, South Korea (~500 km west-northwest of Lake Suigetsu). Furthermore, these authors were able to argon/argon ( 40 Ar/ 39 Ar) date these proximal volcanic deposits to 10,000 ± 300 cal yr BP, which is statistically indistinguishable from the 14 C-derived age at 1 uncertainty. Thus, an independent verification is provided for the accuracy of the 14 C chronology of this uppermost SG06 sediment section.
The modeled age derived for the Holocene onset is 11,663 to 11,621 and 11,589 to 11,555 cal BP (at the 68.2% probability range; 11,671 to 11,538 cal BP at the 95.4% probability range; Figure 5 ). This age is also in good agreement with the age of the climatic transition (11,703 cal yr b2k, 11,653 cal yr BP; maximum counting error 99 yr) as defined in its principal Global Stratotype Section and Point (GSSP), the North Greenland Ice-core Project (NGRIP) record (Rasmussen et al. 2006; Walker et al. 2009 ). However, Muscheler et al. (2008) suggest that a downward revision of 65 yr to the NGRIP chronology is necessary, which, if indeed justified, would still leave the ages of the Holocene onset, as defined by the 2 respective paleoclimatic archives, in good agreement. The Suigetsu age is also in good agreement with the onset of the Holocene in the Meerfelder Maar (Germany) varve chronology of Brauer et al. (1999) at 11,590 cal BP. Thus, this paleoclimatic event provides further support for the reliability of the 14 C-derived chronology presented here. It should be Figure 2 Illustration of the fit of the SG06 plant macrofossil 14 C data on to the IntCal09 calibration curve (Reimer et al. 2009 ). For clarity, both the Lake Suigetsu data and IntCal09 calibration curve are shown at 1 uncertainty/68.2% probability ranges. The modeled data are shaded according to their posterior outlier probability, ranging from darker gray (0% posterior outlier probability) to white (100% probability). Figure 3 The relatively linear modeled deposition rate across the upper 15 m (composite depth; 14.77 m event-free depth) of the Lake Suigetsu (SG06) sediment profile. The posterior probability density functions (PDFs; darker shading) are shown overlying the prior, unmodeled PDFs (lighter shading).
emphasized that the climate signal of Greenland, central Europe, and Japan may not be synchronous at subcentennial timescales (indeed, one of the principal aims of the Suigetsu Varves 2006 project is to examine whether any such leads and lags are evident in the global climate system), so this comparison is made here for assessment of the broad reliability of the core's 14 C data only. Furthermore, the age for the Holocene onset in SG06 presented here does not provide the "definitive" SG06 age for this event, as a more robust chronology for SG06 below 1250.0 cm composite depth will be enabled through incorporation of the forthcoming varve count data, which will significantly enhance the precision of the core's chronology below this depth. Instead, the 14 C-derived age presented here will provide corroboration for the principal SG06 varve year chronology only.
Unlike the present (Suigetsu Varves 2006) project, the previous study van der Plicht 1998a,b, 2000) did not carry out as many 14 C measurements on macrofossils dating from the Figure 4 The posterior probability density function (PDF) generated for the SG06-1288 tephra horizon at 1286.1-1288.0 cm composite depth (1273.4 cm event-free depth). Figure 5 The posterior probability density function (PDF) generated for the placement of the Holocene onset in SG06 at 1436.4 cm composite depth (1413.4 cm event-free depth).
Holocene, since the primary aim of that project was the extension of the calibration curve back in time from the then limits of calibration (11,390 cal BP from tree-ring data, extending to 21,950 cal BP with lower-resolution coral data; Stuiver and Reimer 1993) . The additional 14 C analysis performed for the present project, extending through the later time period, serves (i) to provide greater confidence in the stratigraphic integrity (lack of sedimentary hiatuses) of the Lake Suigetsu sediment profile through demonstration of the coherence of its 14 C-derived chronology with alternative, reliable terrestrial calibration data; and (ii) to provide the chronology required for the additional, paleoenvironmental aims of the Suigetsu Varves 2006 project above the upper limit of countable varves. The former point has been demonstrated in this paper, supporting the integrity of the SG06 sediment core, and therefore provides support for the 14 C calibration and paleoenvironmental data sets to be produced from the lower core depths, preceding the present terrestrial limit of IntCal. The latter point is important for other goals of the Suigetsu Varves 2006 project, including investigation of the enigmatic "8.2 ka event," as well as other paleoclimatic study from the upper 1250.0 cm of the SG06 core.
One final point to make is that, while the present paper has focused on the last ~12,000 cal yr (i.e. almost entirely representing the Holocene), the extension to the atmospheric 14 C calibration curve is required back into the Late Glacial. In Suigetsu, this period is represented by a lower average sedimentation rate (Kitagawa and van der Plicht 1998a,b) , as well as reduced abundance of deposited plant macrofossil samples, which are both issues to be considered for the preceding time period, and will be more thoroughly discussed in future publications.
CONCLUSION
Some 182 new 14 C determinations have been produced from the upper 15 m of the Lake Suigetsu (SG06) sediment core. Bayesian modeling of these data against the IntCal09 calibration curve (Reimer et al. 2009 ) has demonstrated the concordance of the respective data sets, which, across the time period covered (i.e. the last ~12,000 cal yr), are both represented by "wholly terrestrial" archives of atmospheric 14 C concentration, not incorporating any additional uncertainties associated with reservoir corrections. Therefore, the plant macrofossil samples extracted from the Lake Suigetsu benthic sediment profile are demonstrated as reliably representing past changes in atmospheric 14 C concentration, which provides support for the 14 C data to be produced from lower down the SG06 core, beyond the present limit of tree-ring-derived data in IntCal09. It is therefore believed that Lake Suigetsu, demonstrating annual laminations (varves) across the remainder of the 14 C dating technique, will provide a reliable, direct record of atmospheric 14 C data back to the detection limit of the 14 C method. Finally, it is hoped that such a data set will contribute significantly to future revisions of the consensus calibration curve, IntCal.
APPENDIX 1
A truncated version of the OxCal P_Sequence model coding applied for the Poisson process deposition modeling of the Lake Suigetsu (SG06) 14 C data on to the IntCal09 calibration curve (Reimer et al. 2009 ).
APPENDIX 2
The 182 14 C determinations of terrestrial plant macrofossil samples picked from the upper 15 m (composite depth) of the SG06 sediment core (92 from ORAU and 90 from NRCF-E). 
